An approach to image thresholding based on the plausibility of object and background regions by adopting a co-occurrence matrix and category utility is presented. The effectiveness of the proposed method is shown through the experimental results tested on several images and compared with conventional methods. key words: image thresholding, plausibility, co-occurrence matrix, category utility
Introduction
Many thresholding approaches have been proposed and widely used. These can be categorized as histogram-based methods [1] - [4] , clustering-based methods [3] - [5] , fuzzy set-based methods [3] , [4] , [6] , and other conventional methods [3] , [4] , [7] , [8] . The aim of thresholding is to select a gray level, i.e., a threshold value which is the boundary between object and background. However, it is not easy to find the boundary between object and background because of grayness and/or spatial ambiguity [9] . Therefore, in this letter, an image thresholding approach based on the plausibility of background and object regions is proposed to handle ambiguity by adopting a co-occurrence matrix [7] , [8] and category utility [10] . A co-occurrence matrix is used as a measure to evaluate the spatial relationship between the object region and background region. The threshold value is determined with the category utility function. To demonstrate the effectiveness of the proposed method, the thresholding experimental results on several images and the comparisons with conventional methods (Otsu's method [1], Kwon's method [5] , Huang and Wang's method [6] , and Pal and Pal's method [7] ) are provided. From the experimental results, it is shown that the proposed method provides similar or better thresholding quality than conventional methods.
The rest of this letter is organized as follows: In Sects. 2 and 3, brief reviews for co-occurrence matrix and category utility are presented. In Sect. 4, plausibility based threshold selection method is proposed. In Sect. 5, experimental results on several images according to methods are provided and, finally, Sect. 6 concludes this letter. 
Co-Occurrence Matrix and Quadrants of CoOccurrence Matrix
The co-occurrence matrix, which is widely used for describing textural properties, is defined as follows [7] , [8] :
where f (x, y) is the gray level of a pixel of a given image with size H × W and L gray levels at spatial location (x, y),
Let T be a threshold value of the given image. Then, T partitions the co-occurrence matrix into quadrants as shown in Fig. 1 [7] , [8] . 
Category Utility
The category utility introduced by Gluck and Corter [10] is a measure to evaluate a category's goodness. The information-theoretic definition of a category utility for a set of entities with a feature set F = { f k |k = 1, . . . , n} is described as follows [10] :
where C = {c,c} is a binary category, p (c) is the probability of an entity belonging to category c, and p ( f k |c) is the conditional probability of an entity with feature f k belonging to the category c.
Plausibility-Based Approach to Image Thresholding
Based on the previous discussion, a threshold value is selected by
where
J B and J O represent entropy measures of the background and object regions, respectively. The term
is independent of choosing the threshold value. Moreover, (5) and (6) represent the entropy of the quadrants 'B' and 'D' of the co-occurrence matrix of Fig. 1 , respectively. The square bracketed term on the right side of Eq. (5) represents entropy based on plausibility region of background, whereas the square bracketed term on the right side of Eq. (6) represents entropy based on plausibility region of object.
Experimental Results and Remarks
To demonstrate the performance of the proposed approach, it has been tested on several images used in [2] and [5] , and compared with conventional thresholding methods (Otsu's method [1], Kwon's method [5] , Huang and Wang's method [6] , and Pal and Pal's method [7] ). The threshold values determined for each image using the proposed method and conventional methods are summarized in Table 1, the thresholded results for "Lena", "Girl", "Cameraman", and "T" are shown in Figs. 3∼6. The thresholded image g (x, y) of the input image f (x, y) is formed as Figure 2 shows the original images of "Lena", "Girl", "Cameraman", and "T", and Figs. 3∼6 show the thresholded images according to methods. For the thresholded images of "Lena" and "Girl" in Figs. 3 and 4 , the proposed method segments clear regions for lip, shoulder, cheek, and details of images. Moreover, from results for "Cameraman" in Fig. 5 , the proposed method provides comparable result threshold value. For "T" image in Fig. 6 , other conventional methods do not segment "T" from the image, while the proposed method segments the pattern "T" as well as Kwon's method.
Although, as seen in the results of Figs. 3∼6 and Table 1, the proposed method does not provide always the best result, the proposed method gives similar or better result than conventional methods.
Conclusion
In this letter, a plausibility-based approach to image thresholding by adopting a co-occurrence matrix and category utility was proposed. The effectiveness of the proposed method was demonstrated through thresholding experimental results tested on several images and comparison with conventional methods.
